Abstract: Material Handling Equipment is a set of different tools, devices, applications that aim to facilitate the handling of materials and products. It is used inside the warehouse, but also between warehouses and production facilities. As an important type of material handling equipment, automatically guided vehicles (AGVs) play one of the key roles in warehouse automation. The benefits of applying the AGVs in the warehouse automation process include: reducing labor costs, increasing reliability and productivity, reducing the damage of goods, safety improving, managing and controlling the complete system, etc. In this paper, a Novel Rough Range of Value Method (R-ROV) for evaluating and selecting AGVs in the warehouse has been developed, which is one of the main contributions. In addition, the Full Consistency Method (FUCOM) was used to determine the weight values of the criteria. The model was formed through nine AGVs and 7 criteria. In the framework of checking the stability of the obtained results and the developed model, the comparison was performed using: Rough WASPAS (Weighted Aggregated Sum Product ASsessment), Rough SAW (Simple Additive Weighting) and Rough MABAC (Multi-Attributive Border Approximation area Comparison). Sensitivity analysis showed high correlation of ranks with all the applied methods by employing the Spearman's Correlation Coefficient (SCC).
Introduction
Logistics is constantly facing new challenges and is changing faster than ever before. The most obvious change can be seen in the increasing use of new technologies, especially information and communication technologies. Its application and role are visible at every step: electronic identification of packages, satellite tracking of vehicles, automatically guided vehicles, etc. One of the areas affected by the new logistics trends is the warehouse subsystem. Throughout history, the warehouses have undergone many changes, and various technologies have been implemented in them. Today, warehouses can function fully automatically. Many processes that are carried out in the warehouse from receipt and dispatch, internal transport, packaging, picking today are automated (Borovinšek et al., 2017 ; Izdebski et al., 2018; Janilionis, Bazaras & Janilionis, 2016; Škerlič, Muha & Sokolovskij, 2017). The aim of using MHE is to facilitate the handling of materials and production in warehouses and industrial transport. AGVs as an important type of MHE, play one of the key roles in warehouse and production facilities automation. The most commonly listed are four basic categories of such equipment: storage and handling equipment, engineering systems, industrial trucks, equipment for handling bulk materials (Fanisam et al., 2018) . The main goal of applying new technologies for the mentioned purpose is saving energy and people, which significantly affects the reduction in the price of the final product (Kay, 2012) . The selection and configuration of equipment for carrying out material handling tasks is very complex work because there are numerous limitations, opposing criteria, uncertainty, a wide range of equipment, etc. (Park, 1996) . A key task in the material handling system design process according to the research conducted by Chan, Ip & Lau, (2001) is the selection and configuration of equipment for material transport and storage in a facility.
The main aim of the paper is to develop a Novel R-ROV (Rough Range Of Value) method for solving multi-criteria decision-making problems. The development of this method enables an adequate treatment of the uncertainties and subjectivity that are inevitable in such models. Besides, the integration of R-ROV with FUCOM method is also a contribution in the literature that treats the Multi-Criteria Decision-Making (MCDM) problems.
In addition to the introductory considerations, there are 5 more sections. In the 2nd section, a short literature review related to the application of different MCDM methods and of a hybrid approach for the evaluation and selection of the MHE is given. The 3rd section includes the methods used and consists of 3 parts. The 1st part presents the basic information and operations of the rough set theory. After that, a brief presentation and an explanation of the steps of FUCOM method are shown. In the 3rd subsection the steps of the novel R-ROV method are presented. The 4th section is a case study, which deals with evaluation and selection of AGVs in the warehouse. In this section, all calculations with the proposed methodology are given in detail. In the 5th section a sensitivity analysis is presented in comparison with other Rough methods. In addition, the Spearman's Correlation Coefficient (SCC) has shown the stability of the obtained results in the proposed model. The last section presents the conclusion and the guidelines for future research.
Literature review
A number of approaches and techniques have been developed for the selection of adequate MHE, and most of them are based on the application of multi-criteria decision-making methods in various forms. That confirms Karande & Chakraborty, (2013) in their research. According to them a wide variety of MHE is available today, and selection of the proper equipment is a complicated task. This is a multi-criteria decision-making problem and they used Weighted UTility Additive (WUTA) method to solve an MHE selection problem. Maniya & Bhatt, (2011) for MHE selection problem. The AHP method is adequately treating a large set of data, owing to forming a hierarchical structure. Taking this into account, the problem of equipment selection is divided into sub-criteria and therefore it is applied in (Chakraborty & Banik, 2006) . Hybrid model that implies the application of expert systems, fuzzy logic and genetic algorithm is developed in (Mirhosseyni & Webb, 2009 ) for the selection and assignment of the most suitable MHE for all the MH operations in a production system. Saputro, Masudin & Daneshvar Rouyendegh (2015) have presented the review paper of MHE based on 42 studies. They concluded that most of the researchers define MHE or equipment selection based on multi-criteria problem. In addition, they showed the advantages of applying a hybrid model (MCDM in integration with other approaches) for solving such problems.
Methods

Rough set theory
In rough set theory (Vasiljević et ...
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FUCOM method
The FUCOM method is developed by Pamučar, Stević & Sremac, (2018) for determining the weights of criteria. According to the authors this new method is better than AHP (Analytical Hierarchy Process) and BWM (Best Worst Method). Until now is has been applied in Nunić's research (2018) and consists of the following 3 steps:
Step 1. In this step, the criteria from the predefined set of the evaluation criteria { } 1 2 , ,..., n C C C C = are ranked. The ranking is performed according to the significance of the criteria, i.e. starting from the criterion, which is expected to have the highest weight coefficient to the criterion of the least significance.
Step 2. In this step, a comparison between the ranked criteria is carried out and the comparative priority ( / ( 1)
, where k represents the rank of the criteria) of the evaluation criteria is determined.
Step 3. In this step, the final values of the weight coefficients of the evaluation criteria ( ) (a) the ratio of the weight coefficients is equal to the comparative priority among the observed criteria ( / ( 1)
Step 2, i.e. the following condition is met:
(b) In addition to the Condition (2), the final values of the weight coefficients should satisfy the condition of mathematical transitivity, i.e. /( 1)
Since
Thus, another condition that the final values of the weight coefficients of the evaluation criteria need to meet is obtained, namely:
Based on the defined settings, the final model for determining the final values of the weight coefficients of the evaluation criteria can be defined. 
A novel Rough ROV (R-ROV) method
The ROV method was proposed by Yakowitz, Lane & Szidarovszky (1993) . It requires only ordinal specification of criteria importance from a decision maker. Thus, in situations where decision makers are facing problems in supplying quantitative weights, the application of the ROV method can be particularly useful. The ROV method calculates the best and worst utility for each alternative. This is achieved by maximizing and minimizing a utility function (Hajkowicz & Higgin, 2008 In this paper, a novel R-ROV method has been developed, which is based precisely on the integration of the crisp ROV and rough numbers. The aim of this paper is to take advantages of rough numbers -reduction of subjectivity, uncertainty, and the advantages of the ROV method.
The R-ROV method consists of the following steps:
Step 1. Forming of the multi-criteria model. Define a set of criteria and alternatives for solving the multi-criteria problem.
Step 2. Forming a team of e experts who will perform assessment of alternatives.
Step 3. Make conversion of individual responses of the experts into a group rough matrix x j . Each response of the experts e 1 ,e 2 ,...,e n should be converted into a rough group matrix using the Equations (1)- (6) 
Step 4. Normalization of the initial rough matrix 
, ,
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Normalization of an initial rough matrix includes 2 phases depending on the type of criteria. The 1st phase relates to the normalization of benefit criteria by using Equation (20) .
The 2nd phase relates to the normalization of cost criteria by using Equation (21) . where m represents the number of criteria.
Step 5.Weighting the normalized rough matrix using Equation (22) ; Step 6. In this step the sums of weighted normalized values are calculated for both the benefit criteria using the following Equation (23):
and the cost criteria by using the following Equation (24):
Step 7. Calculation of final values for all alternatives using Equation (25):
Step 8. Ranking the alternatives in decreasing order. The alternative with highest value is the best, while the alternative with the smallest value is the worst.
Selection of AGVs using FUCOM and R-ROV method
Forming of Multi-criteria model
The verification of the proposed novel R-ROV method was carried out by the selection of MHE in a warehouse. A FUCOM method is applied for determining the weights of the criteria for the selection of AGVs. This multi-criteria model includes 7 criteria and nine AGVs solutions. A total of 3 experts performed the assessment of criteria and alternatives.
Nine alternatives shown in Figure 2 are evaluated according to 7 criteria: C1 -dimensions (min), C2 -minimum lift height (min), C3 -price (min), C4 -capacity of AGVs (max), C5 -battery capacity of AGVs (max), C6 -maximum lift height (max) and C7 -speed of AGVs (max). The 1st 3 criteria belong to cost criteria, while the other four belong to benefit criteria. 
Determining criteria weight using the FUCOM method
Step 1. In this step, the decision-makers performed the ranking of the criteria based on the consensus: C4=C7>C1>C3>C6>C5>C2.
Step 2. In this step the decision-maker performs a pairwise comparison between the ranked criteria from Step 1. The comparison is made with respect to the 1st-ranked C4 criterion. Based on the obtained priorities of the criteria, the comparative priorities of the criteria are calculated Step 3. By applying the FUCOM method, the criteria weights are obtained. The results show that the most important criteria for solving this problem are the 4th and 7th criterion with value of 0.236. After that is the 1st criteria with value of 0.157. These are followed by the 3rd criterion with a value of 0.124, the 6th criterion with a value of 0.09, the 5th criterion with a value of 0.081 and by the 2nd criterion with a value of 0.076. 
Selection of AGVs using Rough ROV method
For cost criteria
Very Poor -VP 1 9
Poor -P 3 7
Medium -M 5 5
Good -G 7 3
Very Good -VG 9 1 Table 3 . Assessment of alternatives by 3 DMs
The 1st step of the R-ROV method is was explained in a previous subsection. The model includes an expert team of 3 members. They have performed assessment of alternatives which is shown in Table 3 based on the linguistic scale defined in Stević et al.'s research (2017) and presented in Table 2 .
Forming a team of e experts who have performed assessment of alternatives represents the 2nd step of this method.
In
Step 3 each response of the experts e 1 ,e 2 ,...,e n is converted into a rough group matrix using Equations (1)- (6). An example of the transformation of the crisp elements into the rough matrix is:
For the 1st alternative according to 1st criterion
will be: On the same way is obtained all the initial rough group matrix shown in Table 4 . 
The normalized rough matrix is shown in Table 5 .
The biggest value of the cost criteria must be zero, while for the benefit criteria it must be one. The smallest value of the cost criteria has to be one, while for the benefit criteria it has to be zero in the normalized matrix.
In
Step 5 the normalized matrix is weighted with the values obtained using the FUCOM method.
After that in the 6th step the sums of the weighted normalized values are calculated for both the type of the criteria using Equations (21) and (22) . The 7th step presents the calculation of the final values for all alternatives using Equation (23) . The final results of the applied FUCOM -Rough ROV method are presented in Table 6 . Table 5 . Normalized rough matrix The final results show that the 3rd AGVs represents the best alternative, while the 5th AGVs also represents a very good solution.
Sensitivity analysis in comparison with other methods
In order to check the stability of the developed R-ROV approach a sensitivity analysis has been performed. Figure 3 In Figure 3 , it can be seen that the 3rd alternative is on the 1st place using R-ROV and Rough WASPAS method, while using the rest 2 methods (Rough MABAC and Rough SAW) it is on the 2nd position. The same situation from the aspect of the applied methods is with the 5th alternative that is on the 1st and 2nd positions. Using R-ROV and Rough MABAC the 1st alternative has the same position (5th), while using other 2 methods it is on the 6th place. Alternative A2, A4, A8 and A9 have equal positions using all the methods. The biggest change has the 7th alternative that varies from 4th (Rough SAW and Rough WASPAS) to 6th position (Rough ROV and Rough MABAC). Table 7 shows the checking of the correlation of ranks using different rough approaches. Table 7 shows the Spearman's correlation coefficient for all the four used rough methods according to which it can be concluded that the ranks in all methods are in very high correlation. This is confirmed by the average value of SCC for all the methods which is 0.980. The values of SCC vary from 0.933 to 1.00. The developed novel R-ROV method has the highest correlation of ranks with rough MABAC (0.983), while with other methods it has a lower correlation (0.950 with Rough WASPAS) and 0.933 with Rough SAW. The interesting situation is that no method has a full correlation with another method. 
Conclusion
Warehousing as logistics subsystem represents an important link in logistics chain, which offers numerous opportunities for optimization. In this paper the problem of warehouse automation through the evaluation and selection of AGVs is considered. As a component of MHE, AGVs represent a solution that can greatly improve the operation process in the warehouse itself, and therefore in the entire supply chain. It is clear that their use can save energy, so that a lower price of the final product can also be expected if it comes to production plants.
The developed approach presented in this research refers to the integration of Rough numbers and Range Of Value (ROV) method. The model has been verified in the process of evaluating and selecting the automatically guided vehicles in warehouse. The main aim of this study is to take the advantages of rough numbers and the advantages of the ROV method. The algorithm of the R-ROV method consists of eight steps and in each step, the calculation has been explained in detail through a verification model.
In order to determine the stability of the results obtained, a sensitivity analysis has been performed in which 3 other Rough methods have been applied: Rough MABAC, Rough SAW and Rough WASPAS method. The performed sensitivity analysis shows that the developed R-ROV method provides stable and valid results. Analyzing the results obtained by calculating the Spearman's correlation coefficient, it has been found that the obtained alternative ranks of the R-ROV approach are in high correlation with the ranks of other method. The main contribution of this paper is represented by the development of the novel R-ROV method and integration with FUCOM method that ensures an objective aggregation of the decisions with absolute respect for inaccuracies and subjectivity that prevails in group decision-making. The novel R-ROV method contributes to the improvement of literature in which the theoretical and practical application of multi-criteria methods is considered. The developed approach enables the solving of multicriteria decision-making problems regardless of the inaccuracies and the lack of quantitative information in decision-making.
